Weexamined the primary structure of a-amylase produced by Bacillus subtilis var. amylosacchariticus by isolation and characterization of CNBrfragments of the enzyme. By solubilization and precipitation in a buffer, the fragments were first fractionated into two. The soluble fraction was fractionated by Bio-Gel P-30, and three fragments were obtained. The insoluble fraction was fractionated by SP-Sephadex C-25 and further purified by Bio-Gels, and five fragments were isolated. Aminoacid sequences near the N-and C-terminus were determined with the eight CNBr fragments. By matching the sequences with those of methionine-containing tryptic peptides, alignment of the eight CNBrfragments was determined.
In the preceding paper,1} we described the isolation and sequence analysis of the tryptic peptides of the a-amylase (EC 3.2.1.1.) produced by Bacillus subtilis var. amylosacchariticus. The a-amylase contained seven molar methionine residues per mol of the enzyme, and we were able to isolate six methioninecontaining tryptic peptides, one of which contained two mol of methionine per mol of the peptide. In this paper, we describe isolation of eight CNBr-cleaved fragments of the a-amylase, and partial amino acid sequences near the N-and C-terminal parts of the fragments. The alignment of these fragments by matching with methionine-containing tryptic peptides is also presented.
MATERIALS AND METHODS
Fragmentation of a-amylase by CNBr. The cleavage of methionyl bonds by CNBrwas done by the method of Gross and Witkop.2) a-Amylase (100mg), purified as reported previously,3) was dissolved in 100 ml of 70% (v/v) formic acid. To this solution, CNBr (140mg: Wako Pure Chemical Industries, Ltd.) was added. After 20hr of reaction at room temperature, the solution was diluted with 10 volumes of distilled water and freeze-dried.
Separation offragments. Lyophilized CNBr-cleaved aamylase was dissolved in 10ml of0.1 m NH4HCO3,pH 8. Insoluble material collected by centrifugation was designated as fraction BP. The soluble portion (fraction BS) was chromatographed on a Bio-Gel P-30 column (2.0 x 150cm). Fraction BP was dissolved in 25% acetic acid and chromatographed on a SP-Sephadex C-25 column (0.8 x 70 cm). Elution of peptides was monitored by fluorescence Estimation ofhomoserine. After acid hydrolysis, homoserine lactone was converted to homoserine by incubating the dried hydrolysate in pyridine-acetate, pH 6.5, at 100°C for 1 hr.5) The amount of homoserine was determined by the amino acid analyzer under a lower column temperature at 45°C. Carboxypeptidase digestion. One mg of CPase A (Sigma) was dissolved in 1 ml distilled water under alkaline conditions, and immediately neutralized by the addition of 0.1 n HC1. Diisopropyl fluorophosphate (final concentration I/imol/ml) was added and incubated at 25°C for 1hr. Peptide samples to be digested were treated in pyridine-acetate, pH 6.5, at 100°C for 1 hr to convert C-terminal homoserine lactone to homoserine. Digestion was done in 0.05m Tris-HCl, pH 7.5, containing 0.1 m NaCl at 37°C for 3 hr. Conditions for CPase P (from Penicillium janthinellum) digestion were described previously.1} CNBr fragments of the a-amylase insoluble in 0.1 m NH4HCO3,pH 8 (fraction BP) were dissolved in 25% acetic acid and fractionated by a SP-Sephadex C-25 column (0.8 x 70cm) using a pyridine gradient in 25% acetic acid. The gradient was made using a three-chamber apparatus in which was 500ml each of buffer containing 1.5%, 2.5%, and 3.5% pyridine. Fractions of3 ml were collected at a flow rate of30ml/hr. Aliquots from the alternate tubes were hydrolyzed in alkali and were reacted with fluorescamine in 0.5 m borate buffer. The resulting peaks, F and IF, were designated as BP-1 and BP-2 (Fig. 3e ). The peaks II (from fractions A and B) were found to be identical and contain a single component which were combined and designated as BP-3. From fraction C in Fig. 2 , two peaks were obtained (Fig.  3c) . The N-terminal sequence analysis revealed that peak I was the same as fragment BS-1 described above. Peak II was designated as BP-4. Fraction D in Fig. 2 was further purified and designated as BP-5 (Fig. 3d ). It was assumed that the a-amylase contains seven residues of methionine, which mayindicate that theoretically eight CNBr fragments should be obtained. Yield of the CNBr fragments except BP-4 was reasonably good. It was found that in fragment BP-4, non-specific cleavage had occurred resulting in a peptide with N-terminal Leu. The amino acid composition of each of the eight fragments is presented in Table I . The sum of the amino acid residues in these fragments agrees fairly well with the amino acid composition of the a-amylase, suggesting that all the CNBrfragments were recovered. Table. II. With the fragment BS-1, twenty residues from its N-terminus were determined. Eighteen-step automated Edmandegradation sumed from the data with carboxypeptidase digestion.
RESULTS

Fractionation of CNBrcleaved fragments
Results are also summarized in Table II 
CNBr fragments derived from N-and Cterminus of the cc-amylase
The N-terminal amino acid sequence of the a-amylase had been determined to be Thr-Ala-Pro-Ser-Ile-, 3) and fragment BP-3 had the same sequence at its N-terminus (Table II) . Thus the fragment must be derived from the N-terminal end of the a-amylase. Of the eight CNBrfragments, only fragment BP-1 contained no homoserine residue at its Cterminus (Table II) . Thus the fragment should be derived from the C-terminal end of the aamylase.
Alignment of the other CNBrfragments
In the preceding paper,1} we described the isolation of thirty-four peptides from a tryptic digest of the a-amylase. Among them, there were six peptides that contained methionine residue(s).
The amino acid sequences of these Met-containing peptides are presented in Table III . The results are summarized in Fig. 4 .
The linkage ofBP-3 to BS-3, bridged by T-315C was deduced as follows ( Fig. 4a) : T-315C had the sequence of Leu-Asx-Met-Lys, and there was only one CNBr fragment, BS-3, that had a Lys residue at its N-terminus. The C- The linkages of BP-5 to BS-2 and BS-2 to BP-1, bridged by T-421 were deduced as follows ( Fig. 4f and g with that of T-421 distal to Met residue. Since in the G-terminal part of BP-5, Phe, His, Asn, Val, and Hse residues were found, the linkage of BP-5 to BS-2 was deduced ( Fig. 4f ). As the fragment BS-2 contained no Lys nor Arg and T-421 contained two Met residues, BS-2 was included in T-421. The C-terminal amino acid sequence of T-421 was presumed to be -Met-Asn-Gln-Arg. Since BP-1 had the sequence of Asx-Glx-Arg-at its N-terminus, the linkage of BS-2 to BP-1 was presumed (Fig. 4g) . The linkage of BS-1 to BP-5, bridged by T-4SA was deduced as follows ( Fig.  4e ):
Although the amino acid sequence near Met in T-4SA was not established, after digestion of BS-1 with trypsin, it was found that BS-1 contained a portion of the N-terminal region of T-4SA (see the following paper). By digestion of T-4SA with CPase P, the C-terminal sequence of -(Asp-Ile)-Arg was presumed.
Since BP-5 had the sequence of-Asx-Ile-Argat position No. 4 to 6 from its N-terminus, linkage of BS-1 to BP-5 was presumed.
Consequently linkage of (BS-l)-(BP-5)-(BS-2)-(BP-l), which ends at the C-terminus of the a-amylase was assumed.
The linkage ofBP-2 to BS-1, bridged by T-377 was deduced as follows ( Fig. 4d) at its N-terminus. This assignment was further supported by the following evidence: A nonspecifically cleaved fragment by CNBr was isolated and the sequence of this fragment was determined by the automated sequence analyzer as Leu-Gly-Thr-Glx-Glx-Glx-Phe-Lys-Glx-Hse. Therefore, the fragment must be derived from the C-terminal part of BP-4. Although the N-terminal amino acid sequence of the fragment BP-2 has not been determined yet, all the other results strongly suggest that BP-4 is linked to BP-2, bridged by T-315A. In conclusion, alignment of the eight CNBr fragments was established as the following:
(BP-3)-(BS-3)-(BP-4)-(BP-2)-(BS-l)-(BP-5)-(BS-2)-(BP-l) ( Fig.  4 ).
DISCUSSION
Cleavage of the a-amylase by CNBrgenerated eight fragments. The a-amylase contains seven residues of methionine per mol of the polypeptide and we were able to obtain six methionine-containing tryptic peptides, one of which contained two mol of methionine per mol of the peptide.1} Therefore, generation of eight CNBrfragments from the a-amylase was consistent with these previous observations.
In this study, the incubation period with CNBrin 70% formic acid was twenty hours.
Whenthe incubation period was prolonged, non-specific cleavage occurred to a certain extent. The recovery of fragments BS-1, BS-2, BS-3, BP-3, and BP-5 did not, however, vary significantly regardless of the length of incubation, suggesting that the non-specific cleavage hardly occurred in these fragments. On the other hand, the recovery of fragments BP-1, BP-2, and BP-4 was poor in most cases, implying that non-specific cleavage occurred in these fragments. In one such experiment with a prolonged incubation period, new N-terminal residues, Gly and Leu besides the expected ones (Asx, Ala/Ser, Lys, and Thr) were detected. One of the non-specifically cleaved fragments, having a Leu residue at its Nterminus, was isolated. Sequence analysis of the fragment revealed that it was derived from the fragment BP-4.
